Abstract. This paper presents a first approximation of a dynamic emotional model to be employed in agent societies. The proposed model is based on the PAD emotional model and allows the representation of the emotional contagion phenomena of a heterogeneous group of agents which are capable of express emotions. Moreover, the proposal allows the definition of the social emotion of this group of agents. The model is mainly based on three elements: personality, empathy and affinity. These elements allow the characterization of each individual, causing them susceptible to vary in some degre the emotions of other individuals.
Introduction
What is an emotion? Some psychologists as William James define the emotions as, a representation of physiological change produced by the different stimulus of the environment [1] . Changes in the environment make humans change their emotional states, helping them to make decisions. From a computational perspective, emotions have been employed as a way to improve social simulation processes which require human interactions, but very little work has been done on representing collective emotions and emotion's dinamicity. These states can be affected by an extensive number of internal or external factors. Internal factors are the personality and the cognitive processes such as attention; and external factors are related with the environment, which includes relationships among persons and culture expectations [2] . Over the last few years, different approaches have been proposed trying to model the concept of emotion as well as all of the related elements that affect it. There are already some tested emotional and personality models that can be used to recognize and simulate emotions, such as: OCEAN model [3] , OCC emotional models [4] , Plutchikś theory [5] and the PAD model [6] . The employment of these models allows the creation of intelligent entities capable of detect and communicate emotions between agents or between humans and agents. In the communication among agents, they can perceive the environment and the emotional state of other agents. In the same sense, if agents interact with humans, agents can perceive the human emotions using different devices such as cameras [7] , speech analysis [8] , bio-sensors [9] , etc..
In most of the existing proposals the emotions are typically modeled as static information which influences the decision of an individual entity without taking into account possible interactions with other agents which can give way to an emotion contagion. Emotion contagion may be possible when the model takes into account elements such as situation, affinity, empathy, etc.. Until now, only a few works have tried to model the emotional contagion in computational entities: Saunier and Jones [10] model the emotional contagion suggesting in each agent the separation of the body and the mind; the spiral model by Bosse et al. [11] tries to give a solution to the emotional propagation, distinguishing different factors that influence the emotional contagion.
This paper tries to expand the modelization of emotional contagion, by proposing a dynamic emotional model. The proposed model is based on the PAD emotional model and represents the emotional contagion of a heterogeneous group of entities capable of express and/or communicate emotions. Moreover, it allows to define the social emotion of a group of agents. To define the model we employ concepts like empathy, affinity and personality of each entity.
The employed concepts open the door to the construction of scenarios highly related to real-life events. Projects like the iGenda [12, 13] require virtual actors that have responses similar to human responses.
Related Work
The emotional states are defined as the way to express emotion by humans being in a period of time. These emotion are not static and can be propagated through the environment, begin widely used in crowd simulation. It is essential to these applications too have the ability of emulating emotion as they are used to the decision making process. In crowd simulation the most common emotional state is fear, which allows the creation of emergency evacuation simulations [14] , [15] . Nevertheless, these simulations try to predict the behavior of humans in distress. These simulations have helped to design buildings, evacuation routes and simulate how the police, firefighters and ambulance may optimally respond to a disaster situation [16] . However human being have a whole range of emotions that can be propagated to other agents, such as: happiness, sadness, anger among others. To propagate these emotions the Newtonian Emotion System (NES) [17] is designed for multi-agent system, establishing the three laws of motion presented by Newton. In the Newton dynamic the aim is study of movements of objects and the origin of these movements, where each object is represented by a particles system. Each one of these particles have internal properties which makes them different to the other particles properties as the mass, length, with and height, among others this provide to the object a different behavior when external forces are acting on it. The application of these forces on a particle can changes your direction and velocity or knows if this particle is attracted to another. The authors based on their model in the Newton laws and apply some of the concepts presented by Newton, concepts as force, mass, acceleration and velocity. Using this concepts the author defined two laws of emotion dynamics, this two law is based on the laws of dynamic of Newton.
Other works have tried to introduce the contagion effect that humans can feel in multiple situations. One of these works is the emotional contagion spiral model [18] . This model tries to give a solution to the emotional propagation, distinguishing among different factors that influence in the emotional contagion. This model is based on a emotional model that was proposed by Barsade [19] , which includes six hypotheses about how is produced the propagation of emotions. This work is applied in an evacuation simulation scenario, taking into account how human behaviors are affected by the dynamicity and propagation of emotions. Nevertheless, the complexity of these analysis provoques that these approaches are limited to only one emotion, in this case fear. So, behaviors of simulated agents are also affected by only one emotion.
This work tries to pose a possible solution to this problem, pretending to give a first approximation of a dynamic emotional model which allows the representation of the emotional contagion of a heterogeneous group of entities capable of express and/or communicate emotions. In this sense, nexte section explains in detail the proposed model.
Dynamic Emotional Model
This section proposes a dynamic emotional model based on the PAD emotional model. This model will represent the emotional contagion of a heterogeneous group of entities capable of expressing and/or communicating emotions.
Before defining the dynamic emotional model, it is necessary to define the representation of an emotional state of an agent on the PAD model. The emotion of an agent ag i in an instant t ( #» E t (ag i )) is defined as a vector in R 3 , represented by the components that make up the PAD emotional model. The variation of each component allows to modify the emotional state of the agent (Equation 1).
This representation in R 3 allows us to see emotions as a system of particles. They attract or repel depending on the internal properties of each one of them. These particles have the ability to move around the space because these particles have internal properties as Mass. The mass in a particle is a measure of the amount of matter that has a body, and one of the properties related to it is that it is proportional to the resistance to be attracted by others.
The attraction carried out in the P AD space reflects the emotional contagion between entities. An entity will be more easily suffer from contagion of other emotions according to different factors. The main factor, depending on the own entity is called Empathy. The empathy is a psychological motivator for helping others in distress [20] . The empathy could be defined as the ability to feel what other people feel. The empathy denotes a deep emotional understanding of another's feelings or problems, while sympathy is more general and can apply to small annoyances or setbacks. Our dynamical model uses this psychological concept, allowing agents to have an empathy level. The Empathy Level of an agent ag i , denoted ε(ag i ), represents a value in the range [0, 1] indicating the ability of agent ag i to perceive what another agent may feel. In the P AD space, the mass of agent ag i (m(ag i )) is defined as the inverse of empathy (Equation 2) as an indicator of the difficult to be attracted by others, that is to be contagied by other emotions as m(ag i ) increases.
Another important factor in the emotional contagion is the relationship between the emotion source and the emotion receiver, that is, the Affinity existing between them. It is not the same to perceive the emotions of a close acquaintance than a stranger. The Affinity Level between two agents ag i and ag j at instant t (Af t (ag i , ag j )) is a value between [−1, 1] that describes the level of affinity between agents ag i and ag j , being -1 the value dedicated to sworn enemies, 0 to perfect strangers and 1 to best of friends. The last factor to take into account in the emotion dynamics is the physical distance between the emotion source and the emotion receiver (D t (ag i , ag j ) to denote the physical distance between entities ag i and ag j at instant t) .
The emotional dynamics described is based on the Newton universal attraction law. Newton's law of universal gravitation states that any two bodies in the Universe attract each other with a force that is directly proportional to the product of their masses and inversely proportional to the square of the distance between them. Based on this theory, we define the force that an agent ag j makes over an agent ag i at instant t ( #» F t (ag i , ag j )) to attract or repulse it in the P AD space, that is, this force will control the emotion contagion between all the agents. The emotional force is a vector in R 3 space. This vector measures the emotional change in the P AD space (Equation 3). 
To calculate the new emotion of agent ag i at instant t + 1 and assuming that there is no external stimuli that may change agent ag i emotion out of the rest of entities in the system, it will be calculated according to movement in the P AD space. To get this new emotion it is necessary to use the second law of Newton's or the fundamental principle of dynamics. Based on this law, the # » EAF t (ag i ) is used to calculate the emotional acceleration of agent ag i at instant t ( #» a t (ag i )). This acceleration is the emotional variation per time unit of agent ag i emotion (Equation 5).
Once the emotional acceleration #» a t (ag i ) is calculated, the emotional velocity of entity ag i at instant t can be obtained ( #» v t (ag i ) ). This is a measure of the emotional propagation velocity within the P AD space (Equation 6).
Finally, it is necessary to calculate the new P AD emotion for entity ag i at instant t + 1 (
It is important to consider that emotions within the P AD space do not present any opposition by the environment, e.g., there is no friction causing a reduction of speed. There is no inercia affecting the emotions within the PAD space thus, there are no oscillations. This swing up was eliminated by adding this restriction to the model if # » EAF t (ag i ) = 0 then #» v t (ag i ) = 0. The proposed dynamic model allows us to model and represent the emotional contagion phenomena among different intelligent agents. Nevertheless, these entities typically are not alone in the environment but are part of a group of agents. Our proposal is to model not only how an agent is influenced by other agents but also how the group of agents as a whole can be emotionally affected by its components. To do this, we need to define a social emotional model, which allows to calculate and represent the social emotion of a group of intelligent entities. Next subsection presents the proposed model for representing social emotions.
Social Emotional Model
The aim of the social emotional model is to obtain the social emotion of a group of heterogeneous agents in an specific instant. This model is composed by a triplet that allows us to define the social emotion (SE) [21] for a group of n agents Ag = {ag 1 , ag 2 , ..., ag n } at instant t (Equation 8).
Where # » CE t (Ag) is a vector in the PAD space, where each one of its components is calculated averaging the P , A, and D values, respectively of the n agents forming the set Ag (Equation 9). These averages will enable us to determine where the central emotion (CE) of this group of agents is and to visualize it in the PAD space.
The #» m t (Ag) can indicate if there exist agents having their emotional state far away from the central emotion. The Euclidean distance is used to calculate the maximum distances between the emotion of each agent respect to the # » CE (Equation 10, 11, 12, 13 ) as follows.
The #» σ (Ag) or standard deviation (SD) allows the calculation of the level of emotional dispersion of this group of agents around the central emotion # »
CE(Ag) for each component of the PAD(Equation 14)
.
The result of each of the above equations can be represented as a vector (Equation 15), which allow to determine the level of emotional dispersion.
From this definition, it can be deduced that: This model takes into account that at some stage you may have two or more agent groups and each group has its own social emotion or have a single group which wants to move to a target emotion. This will allow to measure the emotional distance between the current social emotional group and a possible emotional target. This approach can be used as a feedback in the decision making process in order to take actions to try to move the social emotion to a particular area of the PAD space or to allow that the emotional state of a group of agents can be approached or moved away from other groups of agents (Equation 16 ).
According to this profile, Equation 17 shows how we calculate this emotional variation. The equation calculates three distances corresponding to the three components of the SE.
where ωc
and ∆ calculates the distance between two vectors. As every dimension of the PAD space is bounded between [−1, 1], each ∆ will give values between [0, 2]. Therefore, ∆ SE will have a range between [0, 1]. Calculating the distance among social emotions allows the study of the behaviour of emotional-based agents, either minimizing or maximizing the ∆ SE (SE t (Ag i ), SE t (Ag j )) function. This way, it can be extrapolated the knowledge about if an agent group approaches or moves away from a specific emotional state. To achieve this, it is necessary to modify through stimuli the individual emotions of each agent and therefore changing the social emotion.
Using this model is possible to determine the emotional distance among different groups of agents or between the same group in different instants of time. This will allow us to measure the emotional distance between the current social emotional group and a possible emotional target. Moreover, the combination of the presented models allows us to model and represent the emotional contagion of a heterogeneous group of agents and observe how it influences the social emotion of that group of agents.
Case Study
Different tests have been done in order to validate the proposed model. Concretely, a simulation prototype was implemented in Python (using a jupyter 3 notebook with numpy and matplotlib libraries). The simulation experiments were conducted to evaluate different aspects and to try to show the correct behavior of the proposed model. Visualization of results has been done using three different kind of images:
-PAD space representation: a 3D representation of the emotional states in the PAD space. In each graphic current emotional states of each agent and the social emotion of the existing groups are represented.
-Physical space position representation: a 2D representation of the different agents, similar to a graph where each agent is a node situated in its physical coordinates (x,y). The size of the agent is inversely proportional to its empathy and if there is any affinity between agents, it will be represented by a link joining them. Finally, a sequence of colors (see Figure 1 ) is defined as a way for representing the current emotion of each agent. -Social emotional evolution: a 2D representation of the evolution of the different values composing the Social Emotion (SE t (Ag)):
, represented in the figure as CE P, CE A and CE D, respectively.
, represented in the figure as maxDistP, maxDistA and maxDistD, respectively.
, represented in the figure as stdP, stdA and stdD, respectively.
Fig. 1: Color representation for the different emotions
The experiments have been grouped into three situations changing the characteristics of the agents' groups. Moreover, each experiment includes different cases changing the affinity and empathy levels of the agents and also the physical distance among agents. The different proposed experiments are listed in Table 1 Experiment 
First Experiment
The first experiment tried to evaluate how a group of heterogeneous agents evolve in the emotional space according to the dynamic model. To do this, we implemented a set of 10 agents with a randomized initial emotional state. In order to evaluate the emotional behavior in the agent group, different situations have been defined changing the empathy and affinity values of each agent. Moreover the physical distance has also changed from a minimum distance of 0 meters up to a maximum distance of 20 meters. For reasons of brevity only two of the combinations are described. First one is the corresponding to all the empathies and affinities between agents to 0, that is, a set of agents that has not any relationship between them and that are not moved by the emotions they feel around them. In this situation, the model works as expected, as the agents do not change their emotions. Figure  2 shows one execution of this first situation of this example by a PAD space representation and a Physical space position representation for the initial and final stages of the execution.
Alternatively, Figure 3 represents a situation where agents have a maximum value of the empathy and affinity levels. As we can see, the initial stage for the PAD values of the agents is the same of the previous situation (as can be observed in the corresponding PAD space representation). As this situation has different affinities and empathies, there exist links connecting agents in the Physical space position representation. This situation represents a group of agents that can be considered good friends and very sensitive to their friends emotions. As they are close enough (in a range of [0, 20] meters), their emotions are contaged tending to collapse in the PAD space (as is observed in the Figure 4b -left) . This evolution can be observed, at individual level, in the evolution of the PAD space representation, and in the evolution of the colors of the agents in the PAD space representation and in the Physical space position representation. On the other hand, Figure 4c shows how fast is the convergence of the social emotional values 
Second Experiment
The second experiment is trying to observe how the emotional state of the group is disturbed by an odd agent without empathy and affinity with any agent. Scenarios proposed in this experiment are affected in the emotional states of the group due to the emotional response generated by the odd agent. As an example we can see the scenario proposed in Figure 5a where all the agents of the group have the maximum value of the empathy and affinity levels except the odd agent (an initial situation similar to the one used in the Figure 4a ). As we can see, the final situation shows a non perfect grouping of all the agents due to the distorsion caused by the odd agent. This can be observed too in the temporal evolution of the social emotional values, if compared with Figure 3. 
Third Experiment
Finally, the third experiment was centered in analyzing how two disimilar groups of agents change their emotional states following the proposed model. Figure 5 represents a scenario where there exists one group of ten agents and another group of five agents with the maximum level of empathy and affinity inside the group and the minimum distance between them. In this case, agents of each group are close to each other as can be expected. Regarding the temporal evolution, it is more evident in the case of the smallest group, where the social emotional parameters are more homogeneous than in the largest group.
Conclusions and future work
A new model for representing the emotional contagion has been presented in this paper. The goal of this model is to give a first approach for traction and emotional contagion in a group of intelligent entities. In this model the emotions of each agent are represented using PAD emotional model, which allows the representation of individual emotions in intelligent entities. The proposed model of dynamic emotion uses the individual emotions of each entity of a group, to obtain the level of emotional attraction between them. This model use the dynamic Newton Law and universal gravitation law, to calculate the attraction level ( # » EAF t (ag i )) and the new emotion of each agent ( #» E t+1 (ag j ) = #» E t (ag j ) + ( #» v t (ag i ) · t)). These definitions allow to calculate the emotional attraction between entities or groups. Moreover, it is possible to obtain the resulting emotion of the attraction in a (t + 1), as well as the emotional propagation velocity ( #» v t (ag i )). Considering these elements is possibly to know how is the emotional distribution among the agent group and to use this information to take on a decision and change your behaviour. As future work, we want to introduce emotion recognition using face and physiological signals, using this information to allow us to obtain the human emotion and to simulate emotional contagion between humans and agents.
